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This geophysica l survey of a n approximate l o square cove rs Mesozo ic magnetic a noma lies M O, M 2, 
and M4 south of Bermuda. Ba thymetry, magnetics, seismic reflection profiling, and se ismic refraction 
da ta are presented. The isochron trend within the survey a rea a t magnetic anoma ly M4 time is 025°. T wo 
left lateral fracture zones exist: the southern fracture zone has an offset of < I 0 km at M4 time and 33 km 
at MO lime. The northern fracture zone has a n offset of 37 km at M4 time and 26 km a t MO time. These 
changes 1n offset are accounted for by asymmetric spreading , an ll 0 change in trend o f anomaly MO 
rel a tive to M4, and by MO t1me, growth ol a small nght lateral fracture zone. Se ismic refracti o n da ta 
prov1de poor co ntro l on the shallow crusta l s tructure but suggest the presence of s ignificant latera l 
mhomogene1t1es w1th1n layer 2. 
I NTROD UCTIO N 
We present the results of a deta iled geophysical survey in an 
approxim ate I 0 square located about 360 km south of Ber-
muda (Figure I). The survey covers Mesozoic magnetic anom-
alies MO, M2, and M4 [Larson and Hilde, 1975] and was 
planned as an International Phase of Ocean Drilling (!POD) 
site survey. The eastern part of the survey extends into the 
Cretaceous Quiet Zone. 
Bathymetry, magnetics, gravity, a nd air gun continuous 
seismic reflection profiling data were collected during cruise 
92, leg I, of R / V Atlantis II. N avigation was by satellite, 
except in the detailed survey area (box in Figure I), where a 
moored radar transponder buoy was used. Two seismic refrac-
tion experiments using explosives were carried out with La-
mont-type ocean bottom seismometers as receivers [M acDon-
ald et a!., 1977]. The results of 14 heat flow measurements 
taken within the detailed survey area are reported elsewhere 
(J . Crowe et al., manuscript in preparation, 1979) . 
The sea floor lies at depths of 4900-5000 m; the many 200-to 
300-m-high mounds and ridges are not well defined by avail-
able data except within the detailed survey area. Two sub-
para llel basement ridges (which in this paper we ca ll East and 
West ridges; see Figure I) are the major features ; East Ridge 
has basement relief of about I km, a sloping western flank, and 
a linear eastern facing scarp with a trend of 025°. 
TECTONI C FRAM EWORK 
The detailed mapping of magnetic lineations MO, M2, and 
M4 allows determination of isochron trends, half-spreading 
rates, and fracture zone loca tions (Figures I and 2). The 
results of a linear inversion of anomalies M4-MO along track 5 
in Figure 2 is shown in Figure Ja [Schouten eta!. , 1976] . The 
magnetiza tion distributions were ca lculated assuming that ob-
served anomalies were caused by a 0.5-km-thick semi-infinite 
sl ab situated 5.5 km below sea level. Using track 5 as a refer-
ence, the interpretation of the anomalies on adjacent tracks is 
a simple matter. The 250-')'-deep minimum of anomaly MO is 
clearly recognized on all tracks except 2, 3, and 9. Anomaly 
C opyright © 1979 by the American Geophysical Union. 
M2 is recognized on tracks 2-9, and M4 on tracks 4-8 (Figure 
2). 
The identification of anomaly MOon tracks 8 and 10 shows 
that a 33-km left lateral offset exists in the southern part of the 
survey area (Figure 2). M4 appears to be nearly continuous 
across this presumed fracture zone. Insufficient data exist 
south of the fracture zone to define more exactly the magni-
tude of the M4 offset. Reference to a regional map of magnetic 
anomalies [S chouten and Klitgord, 1977] shows that at most a 
I 0-km offset can be interpreted . The few suitably located seis-
mic reflection profiles show no linea r basement features to help 
locate this fracture zone more precisely. A 26-km left lateral 
offset in anomaly M 0 exists to the north, between tracks 1 a nd 
4. Although the anomaly is not well defined on track 1 the 
identifica tion on track K I confirms the presence of this offset. 
It is not clear whether this is a single offset or a series of at least 
two , as the MO trough can be tentatively identified on track 2, 
left la tera lly offset by 13 km from that on track 4; this pro-
nounced negative anomaly could also be an edge effect caused 
by the fracture zone. The offset of M4 across this fracture zone 
is 37 km [Schouten and Klitgord, 1977]. 
Figure I shows that an eastward extension of the northern 
fracture zone would cross the East Ridge almost per-
pendicularly. No disturbance of the reflectors within the sedi-
ment column close to East Ridge is observed; therefore it 
seems improbable that East Ridge was formed by off-ridge 
tectonic or volcanic activity. Uplift before much sediment had 
accumulated is a possibility, although crustal blocks either side 
of a fracture zone are usually decoupled. They probably would 
not be lifted I km with such a clean sca rp; the linearity and 
trend of the scarp (025° ) suggest that this feature is related to a 
spreading ridge rather than being part of fr acture zone moun-
tains or a 'random ' seamount massif. Thus we consider it 
unlikely th a t the northern fracture zone offset extends through 
East Ridge and suggest that this section of pl ate boundary was 
reorganized soon after MO time. The 26-km offset which ex-
isted at MO time may have been destroyed, or the fracture zone 
may have shifted north by some tens of kilometers. 
Within the 65-km wide swath of crust bounded by the 
northern and southern fracture zones, anomaly M4 has a 
Paper number 9B0592. 
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Fig. 3. (a) Linear inversion of track 5 in Figure 2 from Schouten et 
a/. ( 1976]. Magnetization distribution calculated ass uming source is a 
semi-infinite, 0.5-km-thick slab at depth of 5.5 km (b) Half-spreading-
rate graph for tracks 4, 5 and tracks 7, 9 in Figure 2. Time sca le is that 
of Larson and Hilde [ 1975] . Eastern boundary of M4 defines zero 
range a nd lineation trend used to plot this graph. 
clearly linear trend. The trend of M4 as defined by the eastern 
edge of the normally magnetized block calculated as a source 
for the anomaly (Figure I) is 025° a nd is parallel with the 
scarp on East Ridge. This polarity transition boundary is used 
as the distance and spreading direction reference line for the 
construction of the half-spreading-rate graph shown in Figure 
3b. The locatio ns of the polarity transition boundaries were 
also determined for anomalies M2 and MO using the linear 
inversion technique. Their distances from M4 are plotted 
against the time scale of Larson and Hilde [ 1975] for the 
northern tracks, 4 and 5, and for the southern tracks, 7 and 8, 
in Figure 3b. This figure shows that the separation between M4 
and MO is 9 km greater on the northern tracks than on the 
southern tracks. This could be caused by faster half-spreading 
rates for the strip of crust covered by the northern pair of 
tracks, which would result in the creation of a right lateral 
fracture zone between tracks 5 and 7. 
An alternative explanation would be a ~ 15° clockwise 
change in trend of the accretion axis between the northern and 
southern fracture zones occurring sometime between the for-
mation of anomalies M4 an d MO. The data presented so far 
are insufficient to distinguish between these two models; a 
subtle change in accretion ax is trend or the growth of a small 
offset fracture zone could not be distinguished by the data 
coverage shown in Figure 2. 
0 ETAILED SURVEY OF ANOMALY M 0 
A detailed survey effort was concentrated on anomaly MO 
between the northern and southern fracture zones. Sufficient 
magnetics and seismic reflection profiling data were collected 
to allow the construction of well-controlled contour maps of 
sediment thickness and magnetic ano malies (Figure 4). This 
figure clearly shows the 250-')' trough of anomaly M 0 offset 
right laterally a t latitude 30° 14'N, implying the existence of a 
fracture zone between tracks 5 and 7. We will call this offset 
the central fracture zone. East and West ridges are manifested 
as areas of thin sediment cover. Both seem to be truncated to 
the south by the central fracture zone, and East Ridge extends 
to the north across any eastward extension of the northern 
fracture zone (as was noted previously). The normally magne-
tized block calculated as the source for anomaly M 0 between 
the central and northern fracture zones coincides in location 
with West Ridge. South of the central fracture zone the MO 
causative block lies in an area of rel atively flat basement 
topography . However, the topograp hic effect of West Ridge is 
insufficient to cause the observed dislocation in anomaly MO. 
In summary, Figure 4 establishes two important facts . First, 
the existence of the central fracture zone is proven by the well-
controlled dislocation in the magnetic anomaly contours at 
latitude 30° 14'N . Second, the trend of MO, as defined by the 
closely spaced contours on the western side of the ano maly, is 
036°, suggesting a n II 0 clockwise change in accretion axis 
orientation between M4 and MO time. Resolution of this trend 
may be questioned, since the anomaly exists over a small area, 
and the decrease in amp litude to the north could shift the 
contours to the east. 
Thus the difference in separation between anomalies M4 
and MOon tracks 4 and 8 (Figure 3b) could be a consequence 
of both a change in the trend of the accretion axis and the 
formation and growth of the central fracture zone. The half-
spreading rates determined from Figure 3b were calculated 
assuming a constant spreading direction of 025°. The effect of 
the II 0 change in trend of the accretion axis on the apparent 
half-spreading rates cannot be calculated, since insufficient 
data exist west of the detailed survey area to determine when 
the change took place. 
SEISMIC R EFRACTION RESULTS 
Two seismic refraction experiments (designated A and B) 
using three two-component ocean bottom seismometers 
(OBS ' s) [MacDonald eta!., 1977] as receivers, were carried out 
between the northern and southern fracture zones (Figure 5). 
The experiment was designed to map the layer 2/ 3 boundary 
a nd investigate the lateral heterogeneity of oceanic crust in this 
well-surveyed area. Explosive charges of 5-120 lbs ., however, 
proved insufficient to produce clear arrivals beyond ranges of 
15-20 km. Problems were also experienced with the internal 
clock in OBS 2, experiment B. Although all travel times were 
corrected for the assumed linear drift of the clock, water wave 
times to this instrument for several short range shots were 0.5 s 
less than the known water depth above the instrument. The 
travel times on this instrument were thus arbitrarily corrected 
by +0.55 s, our best estimate of the clock error determined 
from considerations of the sediment refraction intercepts and 
water depth . Consequently, the intercept times on lines B I-B6 
are unreliable. · 
We have been conservative in picking refracted wave travel 
times, using only seismograms with clear impulsive first arriv-
als (Figures 6a and 6b). First a rrivals on the horizontal seis-
mometer lagged those on the vertical component by at most 
0.05 s. The relative amplitudes of a rrivals on the vertical and 
horizontal components were variable from shot to shot a nd 
instrument to instrument. No systematic relationship between 
arrival and amplitudes a nd shot azi muth could be determined 
on the horizontal seismometer. Second or later arrivals have 
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Fig. 5. Shot lines a nd ocean bottom seismometer locations for the two se ismic refraction experiments. 
proved impossible to correlate from shot to shot owing to the 
complex and sometimes oscillatory nature of the seismograms 
(an extreme case of this phenomenon is shot 61 in Figure 6a). 
The signal-to-noise ratio on the horizontal seismometer was a 
factor of 2-3 greater than that on the vertical component for 
almost every shot recorded by OBS 2 during experiment B. 
This can be understood for the short-range ( < 5 km) shots 
(e.g., 61 in Figure 6a) because the first a rrival energy being 
refracted in the uppermost part of the sediment column will be 
incident at the OBS at angles close to the horizontaL However, 
refracted P waves with apparent velocities of 5- 6.0 km / s re-
ceived from longer-range shots will be incident at the OBS at 
angles of 20°-30° from the vertical and should preferentially 
excite the vertica l seismometer. 
P to S conversion at the base of the sediments beneath 
the OBS wou ld resu lt in a travel time lag of between 0.25 and 
0. 72 s between the pure P wave and the P wave converted to S 
directly beneath the receiver (calculated using the sediment 
th ickness limits beneath the six OBS locations (0.4- to 0.8-s 
two-way time), an average P wave velocity of 2.4 km / s, and 
Poisson's ratio of 0.35). Th is phase, observed by other workers 
[e.g., Davis eta/., 1976] over similar thicknesses of sediments 
could not be clearly recognized in this experiment 
We can present no satisfactory explanation for the com-
plexity of the seismograms or for the a mplitude relat ionships 
between the vertical and horizontal components. Some instru-
mental resonance, dependent upon the coupling of the seis-
mometers to the unconso lidated surficial sediments, is a plau-
sible theo ry. This could explain why Ewing and Ewing [ 1961], 
using a seismometer attached to a large mass thrust into the 
upper sediments, recovered clear seismograms with well-de-
fined later arrivals. (Station 2 of Ewing and Ewing [ 1961 ] was 
positioned 40 km east of experiments A and B.) An alternative 
mech anism could be the reverberation of trapped shear wave 
energy within the sediment column. Lewis and McClain [1977] 
present convincing evidence that this is an important effect If 
shear velocities of as litt le as 0.2 km/ s exist in the uppermost 
unconsolidated sediment [H ami/ton et a!., 1970], and as the 
dominant frequency in the observed seismograms is I 0 Hz, 
then the wavelength is only 20 m. Inhomogeneities within the 
sediments, on a scale too small to be resolved by conventional 
reflection profiling techniques, cou ld then significantly affect 
the propagation of this short-wavelength shear energy. 
The time-distance graphs for all eight shooting lines are 
shown in Figure 7. On lines A I and A2 the intercepts of the 
2.3- to 2.4-km/ s segments agree well with the known water 
depths . The time-distance graphs show a wide scatter of appar-
ent velocities (4.9-6.7 km / s) a t shot receiver ranges of 5-20 
km, a nd several discontinuities. Many of the refractors are 
poorly controlled by as few as four arrivals received over 
ranges of 2-3 km. Within their errors all observed velocities 
are typical of layers 2B and 2C as defined by Houtz and Ewing 
[ 1976]. Figure 8 shows there is no obvious grouping of the 
refractor velocities even for determ inations recorded at the 
same location (OBS 2); neither is there systematic azimutha l 
dependence as would be caused by a planar dipping refractor. 
It proved difficult to devise a consistent interpretation of the 
complex travel time-distance rel ations seen in Figure 7. Below 
we offer a number of possible explanations. 
Sediment thickness variations. Attempts were made to re-
duce the scatter of travel times by correcting for the 0.5-s 
changes in sediment thickness along the shooting lines . Since 
reflection profi ling d ata were not recorded along the shooting 
lines, estimates of sediment thickness were made from the 
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Fig. 6a. Sample seismograms from OBS 2 experiment B. Note the 
apparent predominance of energy on the horizontal seismometer on 
shots 35 and 131 and the striking oscillatory nature of the vertical 
seismometer on shot 61. 
contour map (Figure 4a) , yielding travel time corrections of up 
to 0.3 s. Errors could be introduced into these corrections by 
undetected small-scale basement topography and by the in-
adequate knowledge of the velocity structure in the lowermost 
part of the sedimentary column. Nevertheless, our calculations 
indicate that variations in sediment thickness cannot satisfac-
torily explain the discontinuities and the scatter in apparent 
velocities observed on the time-distance graphs . A qualitative 
appreciation of this fact can be gained from study of Figure 7, 
in which basement topography is plotted beneath the time-
distance graphs for lines A I and A 2; offsets and scatter in the 
refracted wave travel times do not correlate well with the 
major basement peaks and troughs . 
Sediment velocity variations. The velocity structure of the 
sediment column is poorly known. The calculated corrections 
for basement topography mentioned above could be in error if 
higher-velocity (3 .5 km/s) sediment existed in the basement 
troughs . Houtz et a/. [ 1968] found a strong reflector in this 
region associated with an increase in sediment velocity to 3 
km/ s at the base of the sedimentary column. The strong reflec-
tor at a depth of 7 .4-s two-way time (between 13 and 25 km on 
lines A I) may represent the top of such a higher-velocity unit 
(Figure 7). The velocity contrast across the sediment-basement 
contact could then be reduced to ~ I km/ s; this would pa rtially 
'smooth' the basement topography and reduce the contribu-
tion of the basement topography to the travel time of the 
refracted waves to < 0.1 s. 
The results of deep drilling, however, do not support this 
idea [Tucholke, 1978; B. E . Tucholke, personal communica-
tion, 1978). The marly limestones a nd claystones recovered 
above basement a t sites 417 , 418 [Shipboard Scientific Party, 
1977a, b], and 386 [Shipboard Scientific Party, 1975] have 
measured velocities of only 2 km/s. It seems that only over 
much older crust to the west of our survey area do the carbon-
ates overlying basement become sufficiently thick and well 
compacted to affect refracted wave travel times significantly . 
Structual discontinuities related to fra cture zones. This pos-
sibility is difficult to investigate, since much of our data (i .e., 
travel times recorded by OBS 2 in experiment B) had to be 
corrected for the clock error mentioned previously. T hus only 
the relative values of the intercept times are meaningful. How-
ever, the difference between the intercepts of the 6.4-km / s and 
sediment refractors on line B I, and a knowledge of the sedi-
ment thickness from the seismic reflection data, allows an 
estimate to be made of the thickness of any unobserved shal-
low basement layer. Assuming a velocity of 5-5.5 km / s for this 
layer (perhaps layer 2B ), situated between the 6. 1- to 6.4-km/ s 
refractor and the acoustic basement (as identified on the reflec-
tion profiles), this thickness estimate is 200-400 m. A com-
parable thickness at OBS 2 was determined in a similar way on 
line A2 using the 2.4- and 6.22-km/ s refractor intercepts. 
Figure 7 shows the intercept of this 6.4-km/ s refractor on line 
Bl (north of the receiver) to have an intercept 0.3 s less than 
the 6.1-km / s refractor on line B2 (to the south) . The 6.4-km/ s 
refractor on line B6 has an intercept time the same as the 6.1-
km/ s refractor on line B2. If these three apparent velocities 
( 6.4 km / s on lines B I and B6 and 6.1 km / s on B2) are 
associated with the same refractor (layer 2C perhaps), then the 
intercept times suggest the presence of a significantly thicker 
layer 2B on lines B2 and B6. The discontinuity in the travel 
time plot for line B6 at 8-km range, which may be associated 
with this structural change, occurs at the location of the cen-
tral fracture zone. If we again assume a velocity of 5-5.5 km / s 
for the unobserved layer 2B, then an ~ 1-km increase in thick-
ness of this layer south of the fracture zone is predicted . 
Basement faults or lateral changes in basement veloci-
ties. U nreversed slope intercept interpretations of line A I 
yield sediment thicknesses in agreement with the reflection 
profiles to better th an 0.3 km; thicknesses of the 5.2-km/ s layer 
are 1.4 km a t OBS 3 and 0.8 km at OBS 2. The travel times 
recorded by OBS 2 on line A2 (Figure 7) are significantly 
HORIZ. 
VERT. 
SHOT 172 LINE 84 10.11 km 301b 08S 2 
_.:H~O:::R~IZ:.:._ _____ ~~ 
VE RT. 
SHOT 85 LINE A2 10.5 km 120 lb 085 I 
HORIZ. 
VERT. 
SHOT36 LINEAl 10.70km 601b 08S2 
1 SEC 
f--------1 
Fig. 6b. Sample seismograms from OBS I and OBS 2, experi-
ments A and B. Shot 172 shows higher amplitude arrivals on the 
vertical component th an on the horizontal component as seen in 
Figure 6a. Shots 85 and 36 from experiment A do not show this , 
although for shot 36, OBS 2 was located only I km north of where it 
was for shot 35 on line B I (see Figure 6a). 
5494 P URDY AN D R OI-IR: G EOPHY SICAL S URVEY SO UTH OF B ERMUDA 
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AI 3 2.42±0. 12 2 . 52±0.08 
5. 16±0. 34 3.63±0.1 1 
~ 0 5. 90±0. 17 3.95±0.09 0 -- ~1 / 81 5 AI 2 2. 46±0. 06 2.59±0.03 
------ ~5 5.28±0. 13 3.80±0.04 
5.64±0.46 3. 94±0.26 
--"2\'--,_,_, A2 2 2 . 60±0.07 2.68±0.03 
6.22±0.40 4.06±0.09 82 83 5. 55±0. 12 3. 65+0 .06 
0 
A2 2. 35±0.05 2 . 32±0.04 
5.40±0.20 3.37±0. 04 
85 2 .37 86 5. 74±0. 20 3.80±0.07 o = OBS LOCATION EXPT A 
o = OBS LOCATION EXPT B Bl 2 2 .33±0.08 2.43 ±0.08 
6.41±0.17 4.1 1±0.03 
B2 2 2 .31±0. 13 2.42±0. 11 
5 6.13±0. 13 3.80±0.03 
B3 2 2 . 36±0.05 2. 48±0. 05 
4. 93±0. I 0 3 . 55±0.06 
B4 2 2.54±0.04 2.59±0. 03 
5.53±0 .1 5 3.90±0.05 
B5 2 2. 63±0.05 2.69±0.02 
6. 71 ±0.54 4.20±0. I I 
B6 2 2.37±0. 10 2.49±0.07 
84 2.54 2.36 83 5.99±0.31 3. 83±0.05 
6. 38±0. 14 4. II ±0 .06 
20 30 40 50 KMS 
Fig. 7. Time-distance graphs of refraction experiments a nd ve locities a nd intercep ts with th eir standard errors from 
least sq uare fits. Note that intercept times on OBS 2 for experiment B have been a rbitra rily corrected as di scussed in text. 
Line draw ing interpretatio n of continuous seism ic reflection profile is shown beneath lines A I and A2. 
different from those on line A I. Although with their errors the 
apparent velocities on lines A I and A2 do not differ (Figure 8), 
there is a 0.2- to 0.3-s disloca tion in the travel time plot 
between 10- and 11-km range on line A2. Discontinuit ies of 
comparab le magnitude occur at OBS I on line A2 and at OBS 
2 on line 86. These cannot be explained by OBS clock errors, 
since sim il ar discontinuities are not seen in the water wave 
travel times. Basement topography also seems to be an in-
adequate explanation . We must conclude then th at lateral 
changes in the velocity structure of the basement occur at these 
locations . Possible changes in basement structure have been 
discussed simplistically in terms of layers. Strong evidence 
exists to show th a t t he upper crust is in fact a region of large 
vertica l velocity gradients [e.g ., H elmberger, 1977] . Thus the 
observed structural discontinuities a re more realistically repre-
sented by la teral changes in velocity gradients than by dis-
locations in the boundaries of discrete layers. 
Latera l variations in velocity gradient can be formed in the 
crust a t the time of its formation by changes in the acc retion 
process or after its formation by differential weathering, heter-
ogeneous patterns of hydrothermal circulation , or tectonic 
activity. The plate boundary reorganizations that a re sug-
gested by our magnetics interpreta tion could have disrupted 
the accretion process and may result in the crea tion of abrupt 
lateral in homogeneit ies in crustal velocity structure. 
The results of !POD drilling on crust of MO age 500 km to 
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the south of our survey [Shipboard S cientific Party, 1977a, b] 
show that drill samples recovered from a basement high (site 
417 A) were pervasively weathered and of a lower velocity ( 4.2-
4.5 km / s) than the relatively fresh basalts recovered nearby 
from 4170 (average velocity, 5.5 km / s). Velocity measure-
ments made in the laboratory by Christensen and Salisbury 
[ 1973] have shown that weathering processes can indeed re-
duce the velocity of basalt samples by up to 1.5 km / s. The base 
of the 340-m-thick sediment column overlying site 4170 was 
dated paleontologically as Aptian -Cenomanian (MO age). The 
oldest sediments overlying the basement high at site 417 A, 
however, were dated as Late Cretaceous [Shipboard Scientific 
Party, 1977a, b]. It is suggested that the sediments ponded in 
low-lying areas and restricted water circulation within the 
crust soon after its form ation . However, for about 40 m.y the 
basement high on which site 417 A was located was open to 
seawater circulation, underwent extreme weathering, and thus 
is characterized by lower seismic velocit ies [Shipboard Scien-
tific Party, 1977a, b]. 
This is strong ev idence for the formation of significant (~I 
km/s) velocity inhomogeneities in the upper crust by differen-
tial weathering processes. Such inhomogeneities could be a 
cause of the nonsystematic variations in basement velocities 
observed in this work. As these processes tend to reduce the 
velocity of basement highs in relation to that of the flanking 
troughs, the systematic effect of basement topography on re-
fracted wave travel times would be reduced. As is observed in 
thi s work, corrections for basement topography, ass uming 
laterally uniform basement velocities, wou ld be inadequate to 
reduce the scatter in travel times. 
DISC USSION AND CONCLUSIONS 
Crustal Structure 
It is clear that the seismic refraction data yielded disappoint-
ingly little information on the complex crustal structure of this 
region. We believe this was due to the following: (I) uncertain 
apparent velocities poorly constrained by small numbers of 
identifiable arrivals; (2) unreliable intercept times on 0 BS 2 
due to the internal clock error, (3) inadequate sediment thick -
ness and velocity data with wh ich to ca lcu late precise correc-
7.0 l 
T 1 I 1 ~ 
~ 6.0 1 ~ ~ 
T 
.i. 
5.0 T 
1 
AZIMUTH 040 080 120 160 
LINE NO. 81 A2 83 
ti ons for basement topography, (4) lack of identifiable second 
and later arrivals because of the 'oscill atory' nature of many of 
the seismograms, and (5) too few shots being recorded by 
more than one receiver ( < 5% ), a more careful stat istical ana ly-
sis of the travel times (e.g., using the del ay time function 
method of Morris et a/. [ 1969]) thus proving impractical. 
We believe that insufficient data exist in the central Atlantic 
Ocean for us to be justified in classifying as 'anomalous' the 
complex travel time-distance relations observed in this work 
and the implied extreme lateral variability in shallow structure. 
Few refraction experiments of comparable resolving power 
(using fixed sea floor receivers deployed over a sma ll area and 
with shot spacings of < I km) have been carried out. 
Our results also suggest that discontinuities in the seismic 
structure of the crust exist across even small offset fracture 
zones. The results of other detail ed surveys [e.g., MacDonald, 
1977] imply that fracture zone separations of 30 km could be 
characteristic of much of the central Atlantic Ocean. Thus it is 
probable that the results of many prev ious seismic refraction 
experiments have been contaminated by structural discontin-
uities associated with small fracture zones. This study illus-
trates the imperfect view we currently have from se1sm1c re-
fraction data of the structure of oceanic crust. 
Evolution 
The magnetics data define well the tectonic evo lution of the 
swath of crust between the northern and southern fracture 
zones . This evolutionary pattern is shown schematically in 
Figure 9. At M4 time there existed a linear accretion axis 
between the two major fr acture zones, and the isochron trend 
is 025°. The offset across the northern fracture zone was 37 
km. Between M4 and MO the offset on the southern fracture 
zone grew to 33 km and in the north decreased to 26 km. The 
average separation of M4 and M 0 in the central North A tlan-
tic is 93 km [Schouten and K/itgord, 1977]. Between the north-
ern and southern fracture zones the separation is 74 km, 
implying asymmetric spreading. This asymmetric spreading, 
along with a clockwise rotation of accretion axis, increased the 
offset across the southern fracture zone by 20-30 km and 
decreased the offset of the northern fracture zone by 6 km. 
T 
1 
T I l I 1 
t T 1 
l 
200 240 280 320 360 
82 86 AI 84 
Fig . 8. Apparent velocities (other than sediment velocities) recorded by OBS 2 during both experi ments, with their 
standard error bars, plotted aga inst azimuth of the shot line and shot lin e number. 
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-
a) M4 TIME 
b) MO TIME 
c) POST MO TIME 
SCHEMATIC EVOLUTIONARY PATTE RN 
r==J ACCRETI ON AXIS -- =FRACTURE ZONE 
Fig. 9. Inferred schema tic evol utio na ry pattern of a rea shown in 
F ig ure I. (a) M4 time: presumed o rth ogona l spreading; the no rthern 
(N.F.Z.) a nd southern (S.F.Z.) fractu re zones ex ist, with offsets of 37 
km and 10 km, respectively. (b) MO time: clockwise ch a nge in trend o f 
accretion axis, a nd the right la teral centra l fr acture zone (C.F.Z .) has 
for med . The offsets of the no rthern a nd southern fracture zones have 
changed to 26 km a nd 33 km, respectively. (c) Pos t MO tim e: immedi-
a tely following MO the northern fractu re zone may shift to the north 
(see text). The acc retion axis orien ta tion a nd continued ex istence of 
the centra l fracture zone at thi s time a rc uncertain. 
Rotation of the accretion ax is was acco mpanied by form atio n 
of a small right lateral fracture zone within the crustal block by 
MO time. T he formation of the central fracture zo ne is all the 
more intriguing because it is the on ly known right lateral offset 
in MO between latitudes 22° and 31 ° N [Schouten and K/itgord, 
1977]. 
Fo ll owing the formation of MO, East Ridge was created ; 
th is feature crosses the eastward extension of the northern 
fracture zone. Thus we suggest that soon a fte r MO time this 
offset shifted north or was destroyed by a jump in the accret ion 
ax is. The height, steepness, and linearity of the scarp on the 
eastern side of East Ridge is comparab le with the fa ult scarps 
observed in the crestal mountains of present day ridge axes 
[e.g., Bhattacharyya and Ross, 1972; Purdy eta/., 1978] . It is 
possib le that East Ridge is a relic fau lt block from the crestal 
mo untains of the old spreading center, left behind fo llowing a 
jump of the accretion axis. The 025 ° trend suggests th at the rift 
va lley morphology was dominantly in the same trend as the 
M4 accretion axis. The apparent rotation of the MO accretion 
ax is may not have been acco mpanied by rift valley reorienta-
tion . 
The magnetics data show that between M4 and MO time the 
crustal block surveyed underwent a reorganization of its plate 
boundaries. Some of the events involved , such as accreti on 
ax is rotation or growth of a small fracture zone, may simply be 
within the statistical error of the physical express ion of sea 
floor spreading processes. These events may contribute to the 
structural complexities suggested by the seismic data , as m~y 
the preferential weathering of topographic highs. Too few such 
detailed data sets exist over oceanic crust; thus an evaluation 
of the complexity of our results as typical or anomalous is 
impossible. 
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